Objective: To evaluate the effectiveness of a dietary intervention to increase target vegetable intake in overweight, postpartum mothers; and their children. Methods: Overweight mothers attending their six-week postpartum follow-up visit and their infants (n = 104 pairs) were randomized to intervention or usual care groups during the time period 2008-2011. Mothers received four 60 minute education sessions with a nutrition professional and eight monthly follow-up phone calls. Counseling began at the obstetrician office and continued at the regularly scheduled pediatric visits. The primary study outcome was the change in maternal target vegetable intake. Secondary outcomes included child target vegetable intake and whether child vegetable intake was modified by exposure to breastfeeding. Mother/child energy intake and weight indices were also assessed. Outcomes were measured at baseline (6-weeks postpartum), 6, 12 (post-intervention), and 18 (follow-up) months. Mixed-effects models were used to estimate the impact of the dietary intervention on study outcomes relative to usual care. Results: Mothers randomized to the intervention had greater consumption of target vegetables at 6, 12 and 18 months (P < 0.01, P < 0.01 and P = 0.03, respectively). There were no differences between groups in maternal energy intake, body mass index, or child target vegetable or energy intake. The child's target vegetable intake at 12 months was related to the mother's intake at 6 months (P = 0.03), however, this relationship was not modified by exposure to breastfeeding. Conclusion: A dietary intervention targeting the diet of the mother/child dyad resulted in improved maternal vegetable intake.
Introduction
Increased consumption of vegetables is a key component of dietary recommendations aimed at improving health and preventing disease [1] . However, fewer than 15% of adults and children report meeting the recommendations for total vegetables; with fewer consuming the recommended number of servings of nutrient dense dark-green and deep-yellow vegetables. Previous research has reported that transition to motherhood is associated with a decrease in vegetable intake [2] . It is critical for postpartum women to develop healthy eating patterns since many women enter pregnancy overweight and gain excess weight during pregnancy [3] . In addition, growing evidence suggests that overweight mothers are more likely to have overweight children [4] .
It has been shown that not only children in general struggle with high weight but the youngest children (infants and toddlers) are now experiencing similar problems [5] . Therefore, it is important to encourage the establishment of healthy dietary patterns as early as possible [6] . The national Feeding Infants and Toddlers Study (FITS) surveyed young children's diets and found them to be high in calories, fat, and sugar and markedly low in vegetables [7] . Consumption of nutrient dense vegetables is critical for energy balance because they are low in calories, high in fiber and water [8] . Then, a greater volume of foods low in calories can be eaten compared to foods with high energy value, leading to satiety with fewer calories [9] .
Expecting children to accept vegetables is a challenge due to their innate dislike for bitter flavors and their predisposition towards neophobia, unwillingness to try novel foods [10] . The first year of life provides a unique window of opportunity to introduce children to vegetables, for most infants around 6 months of age, since the neophobic response is less developed at this time; fewer exposures to a new food are needed to overcome neophobia [11] . Additionally, if the child is breastfed, he or she is exposed to flavors of foods including vegetables from the mother's diet through the breast milk [12] [13] [14] . Because the mother, among others, affects the child's diet directly by choosing what the child is offered to eat, and indirectly by flavors transmitted through breast milk, improving the diets of infants and children may be dependent on improving the maternal diet. To date, there have been no studies showing that modifying the maternal diet can affect the child's diet in a real-life setting. Therefore, there is a need to develop an effective dietary intervention that takes into account the complex interplay between the diets of mother/child dyad.
The overall goal of this study was to promote the adoption of healthy eating patterns in overweight mothers and their children using the Social Cognitive Theory (SCT) as the conceptual framework. Specifically, this study was designed to evaluate the effectiveness of a year-long dietary intervention on increasing the
intake of deep-yellow and dark-green vegetables in overweight mothers when compared to women receiving usual care. Secondary outcomes of interest included whether the dietary intervention would result in improvements in maternal energy intake and body mass index (BMI), as well as improvements in child target vegetable intake, energy intake, and weight-for-length z-score (WLZ). Accordingly, we had two hypotheses: 1) Mother/child dyads receiving the dietary intervention would be more likely to improve their diets through a greater increase in intake of target vegetables leading to a greater decrease in caloric intake and normalization of body weight-for-height/length when compared to mother/child dyads receiving usual care, and 2) The child's vegetable intake would be associated with the mother's vegetable intake modified by degree of exposure to breastfeeding.
Materials and Methods

Study Design and Participants
This was a randomized controlled dietary intervention with integration of services among obstetricians, pediatricians and nutrition professionals. Women attending their 6-week postpartum follow-up visit at a large obstetrics clinic in the Cincinnati metropolitan area were screened for inclusion between March 2008 and April 2011. Inclusion criteria consisted of: BMI ≥ 25 with no co-morbidities; 21 -35 years of age; given birth to a singleton, full-term infant; a target vegetable intake (deep-yellow and dark-green vegetables) less than or equal to 1.5 servings/day (based on current vegetable intake from pilot data) [15] ; full medical clearance from a physician to participate; no special diet prescribed; limited use of alcohol (one alcoholic drink/day); and no use of illegal drugs or tobacco. Mothers that did not meet those criteria were excluded for participation. Written informed consent was obtained from all eligible participants. Study procedures were approved by the Institutional Review Board of the University of Cincinnati.
Based on our preceding pilot study [15] , we calculated a total of 120 mothers, with even allocation to treatment and control conditions, were required to provide 80% power to detect a difference in total target vegetable intake of 0.55 servings/day between the intervention and usual care groups at one year (twotailed alpha = 0.05). Out of the 914 participants assessed, 263 met the eligibility criteria ( Figure 1 ). Of those, 104 consented to participate in the study and were scheduled for baseline assessment followed by randomization to either dietary intervention (n = 52) or usual care (n = 52). Participants received a $25 food gift certificate for completing each assessment.
Conditions
Intervention Group. Dietary counseling was provided by nutrition professionals with graduate level training in nutrition and theory-based nutrition education. Counseling began at the obstetrician office and continued at the regularly scheduled pediatric visits. The dietary intervention was tailored to the socio de- Table 1 provides details of the intervention format, content, and food plans based on type of feeding. The nutrition professionals provided all faceto-face dietary counseling and made all telephone contacts with study participants. For each participant, the telephone contact person remained constant throughout the intervention. An intervention curriculum and call scripts were developed to provide consistency in information delivery.
Usual Care Group. At baseline, standard educational materials were mailed to the mothers on healthy eating according to the USDA food guide MyPyramid recommended for breastfeeding or formula feeding needs [17] . A handout with basic information on starting solid foods and transitioning to toddler foods was also included [18] . Formal dietary counseling sessions or phone calls were not included in the usual care group.
Measures
Dietary Intake. All measures were evaluated at baseline (6-weeks postpartum), 6, 12, and 18 (follow-up) months. Dietary intake for the mother/child dyads was assessed via 3 unannounced, interviewer-administered 24-hour dietary recalls conducted over a one-week time span at each evaluation point. The recalls were Table 1 . Intervention format, content, and food plan. tiple passes to enhance detail and limit omissions. To assist in portion size estimation mothers were provided with a 2-dimensional measuring guide [19] .
Target vegetables contained in mixed dishes were included in the vegetable serving counts (NDRS codes: 0100 for dark-green vegetables and 0200 for deepyellow vegetables). Mothers were also asked specific questions regarding intensity and duration of breastfeeding and the age at which their infants were first fed infant formula or food. Dietary recalls for the mothers were analyzed for daily average energy intake (kcal) and food groups (number of servings) according to the 2010 Dietary Guidelines for Americans [1] . Classification of foods for the child followed the food grouping developed for the 2008 Feeding Infants and Toddlers Study [20] .
Anthropometrics. The maternal height and weight measurements and child weight and length measurements were collected at each evaluation time by trained staff members using standardized procedures. Measures were taken twice and the average of the two readings was retained. Maternal height and weight were measured wearing light clothing, without shoes, using a digital portable scale, with stadiometer (Model 869, Seca, Chino, CA). Child weight and recumbent length was taken while the child was unclothed, using a digital baby scale, with stadiometer (Model DS4100, Batavia, IL). Children's z-scores were calculated as weight-for-length z-score (WLZ) using the Centers for Disease
Control and Prevention growth curves [21] .
Breastfeeding Index (BFI). The duration and intensity of breastfeeding was measured using the Cincinnati Breastfeeding Cohort Baseline Questionnaire [22] . The metric for breastfeeding exposure was a cumulative BFI of duration times intensity of the infant's exposure to breast milk over the 6 month period (0 -6, 7 -12, 13 -18) preceding each evaluation time. Specifically, duration was calculated in months and converted to weeks based on the age of the child. Intensity was calculated as a ratio of the number of human milk feedings divided by the total number of feedings (formula, water, other foods) the day before each assessment was conducted (all breast milk = ratio 1; breast milk plus formula/other foods = 0.1 -0.9; all formula/other foods = ratio 0).
Statistical Analysis
Baseline comparisons of mother and child demographic characteristics were conducted using two-sample t-tests for continuous variables and χ 2 tests for categorical variables. All analyses assessing mother/child dietary and anthropometric outcomes in response to the dietary intervention were conducted in accordance with the intent-to-treat (ITT) principle. Mixed-effects models were used to calculate the impact of the dietary intervention study outcomes relative to usual care. The model was chosen a priori and included treatment assignment,
time, baseline response, and a time by treatment interaction term as fixed effects and subject as a random effect.
The primary study outcome was the change in maternal daily total target vegetable intake (servings/d) at one year. Secondary outcomes included the maternal energy intake and BMI and child total target vegetable intake, energy intake, and WLZ. Post hoc sensitivity analyses were also conducted to assess the robustness of the primary study outcome to incomplete randomization of baseline maternal energy intake and attrition. Maternal baseline energy intake was added as a fixed effect to the primary analysis model to assess the potential impact of incomplete randomization at baseline. To assess whether attrition may have biased the results, factors predictive of withdraw were identified using logistic regression. These predictors were then included in multiple imputation (MI) models (n = 20 datasets) as auxiliary variables. As a final sensitivity analysis the missing data were assumed to be missing not at random (MNAR) and a pattern-mixture model was used to impute values for those who withdrew by using the observed distribution of target vegetable intake in the usual care group at that time point. This model assumes that participants in the dietary intervention group who drop out reap no further benefits from the intervention and their distribution of target vegetable intake resembles that of those receiving usual care.
In additional analyses, the child's target vegetable intake at 12 months was regressed on the mother's target vegetable intake at 6 months to assess the association between mother and child target vegetable intake. An interaction term for mother's target vegetable intake and BFI at 6 months was included to assess whether the association was modified by exposure to breastfeeding. Self-efficacy in choosing vegetables in a variety of settings and circumstances was posited as a primary mediator through which the intervention would influence maternal target vegetable intake; however, it was not examined in this analysis since it was found to be high among all mothers at baseline and to remain stable over the study period. Data on self-regulation was not collected. All analyses used SAS (version 9.3, 2011, SAS Institute Inc.) and p-values ≤ 0.05 were considered to indicate statistical significance.
Results
Participant demographic characteristics according to study group are shown in Table 2 . The mean mother and child age at baseline was 29 y and 1.9 months,
respectively. Approximately half of the infants were male. Similar proportions of mothers randomized to the dietary intervention (60%) and usual care (67%) reported initiation of breastfeeding by 6 weeks. Over two-thirds of the mothers enrolled in the study were non-Hispanic white, reported educational attainment of a college degree or beyond, were employed, and were married. The mean BMI of mothers at baseline was 30 kg/m 2 and the mean WLZ of children was approximately −0.4 units as shown in Table 3 . Participants in the dietary intervention and usual care groups did not differ on any measured demographic charac- teristic or study measure at baseline other than maternal energy intake. The mean baseline energy intake was 1900 (±488) kcal/d for mothers in the dietary intervention group and 1659 (±538) for mothers receiving usual care (P = 0.02).
The retention of mother/child dyads over the follow-up was as follows: 6 months postpartum (intervention 77%, usual care 75%); 12 months postpartum (intervention 62%, usual care 67%); and 18 months postpartum (intervention 58%, usual care 60%). Age, ever breastfeeding, higher education, being married, and non-Hispanic white race were associated with withdrawal.
Baseline mean total target vegetable intake was similar for mothers rando- 
Discussion
This study provides evidence for the effectiveness of a tailored behavioral intervention to improve the diet of overweight, postpartum mothers. Mothers in the intervention group showed greater improvements in target vegetable consumption relative to the usual care group at 6 and 12 months. In addition, the improvement in vegetable consumption persisted up to 18 months, 6 months after the completion of the intervention. This increase in vegetable intake is consistent with the results from the preceding pilot study [15] and other previous studies.
For example, a comprehensive review of the literature on the efficacy of dietary interventions to modify vegetable and fruit intakes showed that 17 of 22 studies
reported an average increase of 0.6 servings/day [23] . A more recent systematic review of behavioral interventions reported an average increase in the consumption of vegetables and fruits of +1.13 servings/d in adults [24] . This finding is important, as it shows that a tailored behavioral intervention can have a sustained impact on increasing the consumption of deep-yellow and dark-green vegetables, which are under consumed in the US diet, and overweight, postpartum women.
The dietary data for children show that the intervention and usual care groups met and surpassed the goal of eating 1 serving (~1 tablespoon; ~15 g) of target
vegetables a day at 6 months. This finding was expected as this is the time when infants are introduced to solid foods including yellow and green vegetables. At 12 and 18 months when vegetables start to disappear from the children's diet [7] , neither group met the goal of 4 tablespoons/day; however the intervention group's intake of target vegetable remained different in a positive way, although no significant, as compared to the control group. A small difference in daily servings may have clinical significance given that preference for vegetables increases with exposure and preference is a strong determinant of food consumption [10] .
Compared to mothers receiving usual care, infants/toddlers of intervention mothers had a smaller increase in WLZ at 6 months; however, the lack of a statically significant effect on child target vegetable and total energy intake limits the interpretation of this finding. Studies of longer duration and designed to detect difference in WLZ or adiposity in later childhood would be required to determine whether the dietary intervention provides a sustained benefit with respect to preventing pediatric overweight and obesity.
One notable finding is that the mother's target vegetable intake at 6 months was related to the child's target vegetable intake at 12 months. This period represents an important time of transitioning to table foods and characterized by a decrease in total vegetable intake [7] . Previous studies had suggested that vegetable flavors in breast milk may increase children vegetable acceptance [12] [13] [14] . In the present study, the association between the child's and mother's target vegetable intake was not modified by exposure to breastfeeding; however, our ability to detect such an effect was limited. In addition, compared to pre-
vious studies, we used current dietary guidelines to determine the number of daily servings and portion size for target vegetables [18] and emphasized 6 target vegetables which may be too small of an amount and/or too many vegetables at one time for breastfeeding to influence food consumption. Larger studies specifically designed to examine these interactions are needed.
Strengths of this study included providing nutrition education to mother/child dyads through a combination of individual counseling sessions, coinciding with visits to the obstetrician and pediatrician, and follow up phone calls.
Also, while information on healthy diet is a necessary component of any dietary intervention, this particular nutrition education program was theory-based and conducted by trained nutrition professionals who taught parents' skills and strategies to manage behavior and implement change. Notably, self-efficacy and self-regulation skills seemed particularly beneficial to the mothers, who like most postpartum women are ready for action and or change [16] . Furthermore, for the mothers receiving nutrition intervention, improvements in target vegetable consumption occurred at 6 and 12 months and were maintained for 6 months after the completion of the intervention.
There are also limitations. Due to the rigorous nature of this intervention, there was appreciable attrition over an 18-month period. However, the increase in target vegetable intake in intervention mothers was robust to sensitivity analyses accounting for factors predictive of withdrawal and assuming no treatment effect for those lost to follow-up. In addition, the study sample was not representative of all overweight, postpartum women. The study included predominantly white, highly educated women; therefore additional data are needed from various socioeconomic levels and ethnic backgrounds. We also cannot rule out that receipt of the dietary intervention did not result in post-randomization differences in the ability to accurately self-report dietary intake, as no objective measure of energy or target vegetable intake was available. Lastly, the study was not powered to detect differences in secondary outcomes.
Conclusion
In conclusion, the results of this study in overweight, postpartum women show that a tailored, theory-based behavioral intervention, targeting the diet of the mother and child dyad, can increase maternal consumption of under consumed deep-yellow and dark-green vegetables. The integration of nutrition education within regular visits to the obstetrician and pediatrician seems to be an effective strategy in developing healthy food behaviors in overweight, postpartum women.
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